PATIENTS could be established subsequently by parenteral nutrition.
Nitrogen balance was measured in patients receiving balanced parenteral nutrition, most of whom were recovering from major surgery involving the alimentary tract. Their pre-operative nutritional status was found to be an important factor in relation to the nitrogen balance that was induced. Positive nitrogen balance did not occur in patients with little or no pre-operative weight loss, but when the weight loss was more than 6 kg. positive or very small negative nitrogen balances were readily induced. The urine creatine/creatinine ratio which is an indirect index of muscle metabolic activity can be used to anticipate the nitrogen balance that may be achieved in a post-operative patient receiving parenteral nutrition.
The value of parenteral nutrition in minimising the post-operative nitrogen deficit and reducing or reversing the catabolism of body protein and fat which results from starvation, stress or tissue trauma is well established (Holden, Krieger, Levey, and Abbott, 1957; Lawson, 1965; Larsen and Brockner, 1966; Johnston, Marino, and Stevens, 1966) . Unfortunately it is not always possible to obtain a positive nitrogen balance in traumatised or postoperative patients who are given calories and amino-acid nitrogen intravenously when oral or tube feeding is contra-indicated. Several factors, briefly outlined, may be responsible for this.
It is important that individual patient's calorie and nitrogen requirements are correctly assessed and satisfied, but these can be greatly increased in those with extensive trauma, burns or severe in-Twenty-six unselected patients who were admitted fection (Peaston, 1967) . In these so called 'hyper-to the general surgical wards for routine or catabolic' states catabolism is excessive and gluco-emergency surgery were investigated. There were 22 neogenesis from tissue protein is increased which men and 4 women whose ages ranged from 44-81 often leads to the development of large nitrogen years. Twenty-four required some form of major deficits. There must also be an adequate intake of gastrointestinal surgery ranging from pharyngosodium and potassium if positive nitrogen balance laryngectomy to proctocolectomy. The other two is to be established (McCance, 1936; Beal, Frost, patients suffering from dysphagia and cachexia due and Smith, 1953) . It has been suggested (peaston, to carcinoma of the pharynx and oesophageal 1968) that positive nitrogen balance was less likely stricture, were admitted for intravenous nutrition to occur with synthetic dl-amino acids than with prior to operation. Normal oral or intraduodenal the slightly better utilised I-amino acids in casein feeding was contraindicated in all the posthydrolysates, but this is controversial.
operative patients and they received parenteral Abbott and Albertsen (1963) while investigating nutrition which commenced the day after operathe effect of starvation and surgery on metabolism tion. found that well-nourished individuals had a larger
The patients were weighed on admission. Their nitrogen deficit than undernourished subjects. pre-operative weight loss, if any, was taken as the Johnston et al. (1966) found the normal catabolic difference from their normal body weight, which was response to trauma failed to occur in malnourished obtained from out-patient records in many cases. subjects and doubted the value of parenteral nu-They were divided arbitrarily into two groups. trition in their pre-and post-operative care. These Patients who had lost less than 6 kg were allocated observations suggest that the nutritional state of to Group J, and those with a greater weight loss, to a patient before operation or trauma might have Group II. There were 13 patients in each group. a definite influence on the nitrogen balance that Eleven patients in Group II and three in Group I 135 were below their ideal weight, derived from standard tables. The weight losses recorded by patients in Group IT were variable ranging from 8-25 kg. Some had experienced a slow progressive loss of weight over a year or more, while others had a rapid acute loss of weight over a period of weeks or months.
Parenteral nutrition
Synthetic dl-amino acids were the source of amino-acid nitrogen and provided 12.83 g nitrogen/l (Trophysan Cone. 10). The main calorie sources were 30% Sorbitol which provided 1200 cal/I and cottonseed oil fat emulsion which provided 1240 cal/l (Lipiphysan 10%). (Trophysan, Sorbitol and Lipiphysan from Servier Laboratories Ltd., Harrow, London.)
The solutions were given in combination through a 'Y' connector via a polythene catheter (lntracath-Bard Davol Ltd.), usually introduced into the cephalic vein.
The minimum daily nitrogen (145 mg/kg body weight) and calorie (27 cal/kg body weight) requirements of each patient, recommended by AIlen and Lee (1969) were covered and often exceeded in all but a few patients who developed congestive cardiac failure or oliguria, which temporarily restricted the volume of infused fluid. Those patients with hypercatabolic complications received larger nitrogen and calorie intakes to cover their increased requirements, within the limitations imposed by their ability to handle the increased fluid volume.
In the majority of patients, approximately 20% of the total calorie intake was given as fat emulsion.
Patients were maintained in sodium, potassium, calcium and magnesium balance by adding supplements of '5xnormal' saline (this contains 770 mM sodium chloride/f) potassium chloride (20 g/loo ml), calcium gluconate (10 g/loo ml) and magnesium sulphate (10 g/loo ml) to the aqueous parenteral solutions. The amounts given were based on a daily assessment of losses of these ions in the urine, gastric aspirates and other drainage or fistula fluids.
METHODS
During the period of parenteral nutrition, continuous 24 h urine samples, preserved with toluene, were collected from each patient, together with any gastric aspirate, fistula fluid or faecal material. Total nitrogen, urea, creatine, creatinine, sodium, potassium, calcium and magnesium were measured daily in each urine with routine estimations of urea and these electrolytes in serum. When necessary, the total nitrogen in faeces and other fluids was measured to obtain complete nitrogen balances. In those patients developing uraemia post-operatively, the nitrogen retention was calculated and the appropriate adjustment made to the nitrogen balance (Allen and Lee, 1969) .
Urine creatine/creatinine ratios were measured prior to operation in the patients admitted for routine surgery, to establish baseline or control values, and during the infusion period.
Twenty-four hour urine creatine/creatinine ratios were also measured in the following groups of individuals to establish normal ranges:
1. Normal ambulant men. 2. Male patients either pre-operative or recovering from minor surgery (cystoscopy, herniorrhaphy, etc.), on a normal diet.
3. Male patients recovering from major surgery (gastrectomy, colectomy, etc.) but receiving intravenous dextrose and saline.
Total nitrogen was measured by the micro-Kjeldahl method using a Markham apparatus and urine creatine, creatinine and urea by standard TechniconAutoAnalyzer methods (Wootton, 1964} . Figure 1 shows the ratios found in normal individuals and patients classified into minor and major post-operative groups. There is a statistically significant difference between the means in each of the three groups.
REsULTS

h urine creatine/creatinine ratios: Control groups
Nitrogen balances and 24 h urine creatine/creatinine ratios in Groups I and II:
Tables 1 and 2 present the clinical information of the patients forming both Groups together with details of their parenteral nutrition. The nitrogen balances and urine creatine/creatinine ratios for each patient are reported as mean values for the period during which parenteral nutrition was given. All patients in Group I had a negative nitrogen balance, the nitrogen deficit ranging from 1.15-9.3 g/day. It must be emphasised that the negative nitrogen balances would probably have been much greater without parenteral nutrition.
In Group II, eight patients achieved a positive nitrogen balance, while four others had a small nitrogen deficit of less than 1.5 g/day.
There were five patients in Group I who clinically had some additional post-operative hypercatabolic complication like bronchopneumonia, peritonitis or septicaemia which exaggerated the nitrogen deficit. It should be noted, however, that hypercatabolic complications did not prevent a positive nitrogen balance in three of the four patients in Group II. There was a statistically significant difference between the means of the nitrogen balances in Group I and II.
There was a statistically significant difference between the means of the urine creatine/creatinine ratios in Groups I and II as shown in Table 3 . Figure 2 indicates that this was due solely to a lower excretion of creatine in Group II, with values expressed in mg/kg body weight. There was a statistically significant difference in the actual creatine excretion in both Groups, but the creatinine excretion was similar and not significantly different.
Parenteral nutrition was not observed to reduce urine creatine/creatinine ratios in Group II patients for they were invariably found to have low ratios in the control pre-operative period. The majority of patients in Group I had a low basal ratio preoperatively which increased after operation. In a few ....
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DISCUSSION
It was assumed that the recent changes in body weight of the patients investigated were an indication of their pre-operative nutritional status. The arbitrary division of patients into two groups based on a weight loss of less or greater than 6 kg is open to criticism, but its selection separated two contrasting groups of patients when their nitrogen balances and urine creatine/creatinine ratios were considered.
This investigation demonstrated that in spite of adequate parenteral nutrition, it was difficult to induce a positive nitrogen balance in well-nourished patients, and in some cases increasing the amount of infused amino-acid nitrogen only resulted in an increased excretion of urine urea with little effect, if any, on the nitrogen balance. This suggests that gluconeogenesis persists in these individuals who preferentially utilise their own body protein rather than an exogenous source to satisfy their energy requirements. It appears that there must be an optimal nitrogen requirement. If this is exceeded there is inefficient utilisation of the excess nitrogen which is promptly excreted.
In contrast, the majority of malnourished patients in Group II who were subject to similar operative trauma readily achieved a positive nitrogen balance. They appeared to have an avidity for exogenous nitrogen and calories which they utilised more efficiently and this was demonstrated by an immediate anabolic response to parenteral nutrition. Considering the short duration of the majority of the parenteral infusions it would not be expected that this anabolic effect would manifest as weight gain by any patient. However, two patients infused for 10-12 day periods increased their body weight by 2 kg and 3 kg respectively. It is interesting that positive nitrogen balance was induced even in three patients with hypercatabolic complications. A possible explanation is that adaptive enzyme changes occur in the liver of man during malnutrition which increase the incorporation of amino-acids into protein, but decrease their deamination for the synthesis of urea (Waterlow. 1968 ). This may be the underlying mechanism of the increased economy of amino acid utilisation which is part of the normal response to a reduction in protein intake.
An interesting finding, not reported here, which is the subject of further investigations, was that patients in Group I had consistently higher losses of potassium in the urine when compared with those in Group II. The lower urine potassium excretion 139 in Group IT could be related indirectly to the enhanced cellular anabolism of this group with consequent retention of potassium, while the larger losses in Group I could be due to progressive cellular catabolism.
The urine creatine/creatinine ratios in the three control groups (Fig. I) , confirm that in conditions where there is recumbency with muscle wasting or trauma, there is an increase in creatine excretion and the normal ratio which is < 0.005 is exceeded.
In the semi-starved surgical patients who received dextrose and saline only, there was an even greater increase in the mean ratio, although there was a wide scatter of values about the mean.
The increased creatine/creatinine ratios in Group I subjects are also the result of an increase in creatine excretion relative to the urinary excretion of creatinine, which is similar in Groups I and II. These patients suffer a catabolic response to trauma which is confirmed by their negative nitrogen balances and the creatinuria is consistent with either a creatine 'leak' or a reduced uptake of creatine from the circulation by muscle cells in a catabolic phase.
Paradoxically, the malnourished patients in Group II who had lost weight prior to surgery did not have as high a creatine/creatinine ratio as might have been expected. This might be due either to an enhanced uptake by or a diminished 'leak' of creatine from muscle cells in an intense anabolic phase.
Results from this study suggest that a postoperative patient with a urine creatine/creatinine ratio of < 0.20 can be expected to develop a positive nitrogen balance provided parenteral nutrition is adequate. Higher ratios should not deter any efforts to maintain a parenteral nutrition regime, for although positive nitrogen balances may not be attained, this treatment will greatly diminish the large nitrogen deficits that would otherwise develop.
